Introduction: Optimum treatment for postoperative pain has been of fundamental importance in surgical patient care. Among the analgesic techniques aimed at this group of patients, thoracic paravertebral block combined with general anesthesia stands out for the good results and favorable risk---benefit ratio. Many local anesthetics and other adjuvant drugs are being investigated for use in this technique, in order to improve the quality of analgesia and reduce adverse effects. Objective: Evaluate the effectiveness and safety of paravertebral block compared to other analgesic and anesthetic regimens in women undergoing breast cancer surgeries. Methods: Integrative literature review from 1966 to 2012, using specific terms in computerized databases of articles investigating the clinical characteristics, adverse effects, and beneficial effects of thoracic paravertebral block. Results: On the selected date, 16 randomized studies that met the selection criteria established for this literature review were identified. Thoracic paravertebral block showed a significant reduction of postoperative pain, as well as decreased pain during arm movement after surgery. Conclusion: Thoracic paravertebral block reduced postoperative analgesic requirement compared to placebo group, markedly within the first 24 h. The use of this technique could ensure postoperative analgesia of clinical relevance. Further studies with larger populations are necessary, as paravertebral block seems to be promising for preemptive analgesia in breast cancer surgery.
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Introduction
In recent years, the number of new cases of breast cancer has increased, with an estimated risk of 52 cases per 100 thousand women. 1 Similar to that seen in the world population, breast cancer became the leading cause of mortality among women. 2, 3 About 40% of the patients experience clinically significant acute postoperative pain (>5 on the Visual Analog Scale). This indicates that, as in other surgical procedures, pain treatment is not sufficient. Moreover, acute postoperative pain is a major risk factor for chronic pain development in women following breast surgery. 4 Therefore, a therapeutic approach to pain after breast cancer surgery is necessary.
Pain control after breast surgery procedures is critical. In addition, there is the need for treatment of postoperative comorbidities, as well as nausea and vomiting, considered as the three main variables related to restriction of hospital discharge in patients undergoing surgical procedures, such as quadrantectomy and mastectomy. Nausea and vomiting are relatively under control with the advent of new antiemetic agents. Paravertebral blockade has been shown to be a viable option to the classical multimodal analgesia, particularly in recent years with the use of opioids and anti-inflammatory drugs. 5 With the advent of ultrasound to guide anesthetic blocks, its use has become a preoperative assessment tool that predicts the possibility of performing a neuraxial blockade. 6 The use of this ancillary study can help prevent injury to structures such as vessels and pleura, as well as allowing accurate injection of local anesthetic under direct visualization. A previous study reported that thoracic paravertebral block (TPVB) may be considered an efficient option that provides anesthesia and postoperative (PO) analgesia for breast surgery, as well as a reduction in pain intensity and nausea and vomiting drug consumption. 7 Despite the growing number of articles assessing the postoperative management of acute and chronic pain, we found no integrative review assessing the topic in question. Thus, the aim of this study was to assess the efficacy and safety of TPVB, compared with other analgesics and anesthetic regimens, to control post-surgical pain in women undergoing breast cancer surgery. The articles that answer the established guiding question and met the following inclusion criteria were adopted: studies assessing effects, clinical characteristics, efficacy, and safety of paravertebral block associated with general anesthesia (GA) and placebocontrolled in women undergoing breast cancer surgery; randomized trials indexed in the above mentioned database from 1966 to 2012, whose abstracts were available online. Exclusion criteria were non-randomized publications, editorials, reviews, and case reports.
Methods
The selected articles ( Fig. 1 ) were read in full and analyzed based on a checklist considering the following characteristics: study type and design, year and place; assessment methods; number of participants (inclusion criteria, age group, type of surgery, anesthetic technique, study objectives, control algorithm for pain management, use of fixed drug for postoperative pain in both study groups ---TPVB and GA or placebo, prophylaxis against postoperative vomiting); major clinical outcomes.
Results
In total, 82 studies were identified of which 15 met the inclusion criteria ( Fig. 1 ). Selected articles were inserted in a table (Table 1) to be compared. Besides these, other documents have been cited throughout this review for theoretical basis and topic discussion. Studies that clearly did not meet the inclusion criteria were excluded and copies of texts that were potentially relevant were obtained.
Of the 15 studies included, 825 participants undergoing breast surgery were randomly assigned to intervention or control groups. Types of surgery were: tumor removal, mastectomy with or without axillary dissection, quadrantectomy, and mastectomy followed by immediate reconstruction. Only one investigator reported detailed surgical statistics and data operation. 7 The main inclusion criteria for the research were: adults (over 18 years of age) and ASA physical status class I---III, according to the American Society of Anesthesiologists (ASA). Coagulation disorders, treatment with anticoagulants, allergy to local anesthesia, and infection at the site of injection were the exclusion criteria in all studies.
The technique described by Eason and Wyatt was used to establish TPVB. 8 Local anesthetic was injected into the paravertebral space between the third and fourth thoracic levels. The most commonly administered local anesthetic was 0.25---0.5% bupivacaine 7,9---12 ; 2% lidocaine was used in one study, 13 while another tested a mixture of 2% lidocaine, 0.5% bupivacaine with epinephrine, fentanyl, and clonidine. 14 The addition of fentanyl (0.05%) was associated with nausea and vomiting, while clonidine resulted in hemodynamic changes (arterial hypotension). 14 Levobupivacaine (0.1%) administered alone was not effective in the TPVB analgesia after breast surgery. Ropivacaine (0.5%) acted faster and offered increased anesthesia time. 15---17 In most studies, the main agents used for induction of anesthesia were propofol, fentanyl or sufentanil. Thiopental was used in one study. 13 Analgesia was provided by bolus administration of various opioids. Different additional analgesics (acetaminophen, traditional nonsteroidal anti-inflammatory drugs [NSAIDs], coxibs) were distributed in all works. In order to reduce the prevalence of PO nausea and vomiting, dexamethasone, ondansetron or both were used before the operation, according to the protocol of each institution. Patients were ventilated with carbon dioxide absorption anesthetic system and positive pressure mechanical ventilation.
There was a significant difference between TPVB and GA groups regarding the scores of ''worst postoperative pain'' <2 h, 2---24 h, and 24---48 h. Heterogeneity influenced the results at all times. Different data on levels of pain at rest were selected in two studies 9,10 and there was only a slightly better pain score during all times evaluated in TPVB group, although not statistically significant. There was significant reduction in levels of pain at rest in the period of 2---24 h and at all times during movement. Five studies, 10---14 which included data from 215 patients, compared levels of acute postoperative (VAS/NRS) pain in women undergoing surgery with TPVB and GA compared with GA alone in the treatment of acute postoperative pain. There was a significant difference in the levels of ''worst pain during the postoperative period'' between TPVB and control groups (<2 h). Data on the need for rescue analgesia were assessed in four surveys. 11---14 Fewer patients required opioids during 0---24 h after surgery with TPVB and GA compared with GA alone. TPVB group also required a lesser amount of morphine during the interval of 0---24 h.
Four studies 11---14 that included 248 women reported accurately the number of patients who suffered adverse effects after surgery with TPVB and GA compared with GA alone. There were no reports of nerve damage or accidental pneumothorax. It is noteworthy that TPVB may have prevented an increase in pain intensity in breast region after radiotherapy in patients who had no axillary dissection. Analgesic effect duration in TPVB and GA group was twice as high when compared to control group (GA).
Discussion
Insufficient and ineffective pain control after surgery for breast cancer may delay recovery, limit hospital discharge, and increase the care costs of surgery, as it can result in chronic pain. Several studies have investigated the (1) TPVB: 0.5% ropivacaine (30 mL); lidocaine (5 mL) in transverse process at C7---T5 level;
(2) GA: propofol ( 2 ---3 mg kg −1 ) and fentanil;
(3) MPVB
(1) Nausea ---TPVB and GA (7)/placebo (9);
(2) Vomiting ---TPVB and GA (2)/placebo (1); Compare GA and TPVB regarding analgesic efficacy and morphine consumption after mastectomy (1) TPVB: 2% lidocaine (5 mL) at T1---T5 levels;
(2) GA: induction of propofol and sufentanil (0.3---0.5 mcg kg −1 ); feasibility of TPVB in order to reduce pain after breast surgery. 18 In the analysis of the included studies, we observe considerable evidence that TPVB followed with GA provided better PO analgesia with little adverse effects compared with other analgesic treatment strategies. This indicates that perioperative TPVB is a viable method, as it reduces postoperative pain with fewer complications. Another important factor for the successful completion of a TPVB is the choice of appropriate anesthetic agents, as well as the technique to manage them and proper dosage.
By analyzing the present review data, it is perceived that there was variation in the concentration of drugs, in the combination with different adjuvants, and in local anesthetics administered into paravertebral space. A controlled study, which assessed 0.5% ropivacaine versus 0.5% bupivacaine in 70 women undergoing modified radical mastectomy, showed that the first offers a faster, broader and lasting sensory block than the second, but the analgesic efficacy of both local anesthetic was equipotent. 19 Postoperative chronic pain, including paresthesia, intercostobrachial neuralgia, and phantom breast pain affect 25---50% of the patients after breast cancer surgery. 20 The predictive risk factors for the onset of persistent neuropathic pain after this type of surgery are the adjuvant radiotherapy and chemotherapy, pain prior to surgery, type of surgery, nerve damage ---intercostobrachial nerve, psychosocial factors, anxiety, depression, and young women. 20 A moderate decrease 21 was seen in the aforementioned studies in postoperative chronic pain between 6 and 12 months in patients who received GA with TPVB compared with GA alone. However, it must be analyzed with caution due to the limited number of included trials and heterogeneity. Therefore, there is need to develop further studies to investigate the possible preventive role of TPVB in the incidence of chronic postoperative pain in patients who underwent breast surgery.
The surgical tissue damage also results in spinal sensitization; for example, metabolic activation and hypersensitivity of the spinal cord nociceptive neurons, expansion of sensory receptive fields, and changes in processing innocuous stimuli. These postoperative neuroplastic changes underlie the development of ''pathological'' pain, which is characterized both by hyperalgesia (primary or secondary) and allodynia. 21 Thus, an effective analgesia before the nociceptive stimulus could reduce the risk of chronic postoperative pain syndrome.
The pain experienced during movement was lower when COX-2 inhibitors were not administered and none of these patients developed mammary pain syndrome after surgery. The evidence suggests a substantial increase in the levels of COX-E in the spinal cord after peripheral damage. 22 COX-2 inhibition, if applied immediately after surgery, can help reduce the prostanoids production and act on neuronal changes that may contribute to the development of chronic pain. 12, 22 Nitric oxide (NO) is related to both the development and maintenance of hyperalgesia. 23 Three optional mechanisms have been proposed to explain the nociceptor sensitization induced by NO: (1) NO may increase the release of an algesic substance, such as prostaglandin E2; (2) NO may inhibit the action of an endogenous antinociceptive substance that acts on peripheral nociceptors; or (3) NO may act directly on nociceptors. 24, 25 In addition, pharmacological studies indicate that central sensitization is at least partially mediated by the activation of N-methyl-d-aspartate receptors, which could lead, ultimately, to the production of NO, although the link between the local and systemic production is not defined. The perioperative profile of NO after breast surgery was similar to other profiles in different types of surgeries (18) , with a marked decrease 12 h after the operation. 12 The fact that no other difference between groups was detected can be attributed to the small number of patients per group.
A retrospective analysis of 129 patients undergoing mastectomy and axillary dissection showed a low risk of cancer recurrence in those who received TPVB with GA compared with those who received GA alone. Relevant evidence indicates that the surgical procedure, which releases cancer cells directly into the circulation; volatile anesthetics, which weaken immunity; postoperative use of opioids; proangiogenic factors; and pain itself are all associated with cancer recurrence. 25 Studies have reported a reduced need for the use of postoperative morphine in patients of TPVB group, 26 indicating a potential pathophysiological mechanism for a lower recurrence of breast cancer. Added to these factors is the hypothesis that some local molecular mechanism in peripheral nerves may be responsible for increasing the duration quality of the local anesthetic block and pain control after addition of opioids. However, this result should be analyzed with caution, 27---30 due to the limited number of included studies and significant heterogeneity.
The results of this review are limited because of the clinical heterogeneity of the included studies. First, pain levels were calculated both by Visual Analog Scale (VAS) and numerical rating scale (NRS). Only three studies explicitly detailed pain during rest and arm movement (flexion, abduction, external and internal rotations). Second, the pain scores depend on the extent of breast surgery. This indicates that less invasive operations, such as segment intersections, produced lower levels of pain than mastectomy with axillary dissection. Third, the type of local anesthetics and adjuvants, including clonidine or opioids, varied among studies, which may have influenced the assessment of pain severity. However, there is evidence that ropivacaine, bupivacaine, levobupivacaine, and lidocaine provide similar analgesia and the administration of adjuvants did not improve the analgesic efficacy. Nevertheless, data are lacking concerning the proper dosage of local anesthetic used in TPVB in breast surgery. Fourth, the different techniques for establishing paravertebral blockade (SPVB, MPVB, and TPVB --single injection paravertebral blockade, multiple injections paravertebral blockade, thoracic paravertebral blockade, respectively) may play an important role in the efficacy of analgesia. We found a trend toward more prolonged analgesia after the combination of GA and TPVB, which in turn generated a reduced need for opioid consumption, as it reduced the algesic sensation.
Conclusion
There is a number of evidence on the benefits offered by the combination of TPVB and GA in adequate control of postoperative pain, lower consumption of opioids, and few adverse effects (nausea, vomiting, pleural puncture, pneumothorax) compared with other treatment regimens with analgesics. However, these results are limited by clinical heterogeneity due to the application of different procedures (surgical, anesthetic and analgesic doses). Further studies are needed to determine the benefits of the technique.
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